INTRODUCTION
============

Characterized by atherosclerotic occlusion of the extremities, patients with peripheral artery disease (PAD) are at higher risk of cardiovascular complications and mortality.^[@R1]--[@R3]^ Prevalence of PAD has been reported to be in the range of 3% to 10% in general populations, or of 15% to 20% in the elderly.^[@R2],[@R3]^ The most typical symptom of PAD is intermittent claudication, a crampy pain occurring during exercise, particularly from a long distance walk. The blocked arteries reduce blood flow in the limbs and cause pain. It is well known that inflammation plays a critical role in the association with the pathogenesis of atherosclerosis, increasing risks of coronary artery disease (CAD), PAD, and stroke.^[@R4]--[@R6]^ Therefore, chronic inflammatory airway diseases, most notably chronic obstructive pulmonary disease (COPD), have been strongly associated with cardiovascular diseases.^[@R7],[@R8]^

Asthma is another common chronic inflammatory airway disease affecting 1% to 18% of the population among countries.^[@R9]^ Asthma patients have the evidence of variable airflow limitation, in addition to the characteristic symptoms of breath shortness. Enhanced atherosclerosis has been demonstrated among patients with asthma in previous studies.^[@R10],[@R11]^ The Atherosclerosis Risk in Communities Study has shown that the carotid artery intima-media thickness is significantly increased for women with adult-onset asthma.^[@R11]^ Several studies have shown an association between asthma and atherosclerotic diseases, such as CAD, stroke, and heart failure.^[@R12],[@R13]^ A recent nationwide population-based cohort study in Taiwan also demonstrated asthma an independent risk factor for acute coronary syndrome (ACS).^[@R14]^ A recent multicase-control study showed asthmatic patients with rhinitis were at higher risk of intermittent claudication, but not significant.^[@R15]^ However, the association between asthma and PAD has been less investigated.

The National Health Insurance (NHI) database of Taiwan is a nationwide chornological dataset, which provides reliable data and has been used for various studies on either asthma or PAD.^[@R16]--[@R18]^ In the present study, we aimed to determine whether asthma is associated with a subsequent development of PAD. To the best of our knowledge, this is the first longitudinal population-based study to investigate the risk of developing PAD for patients with asthma.

METHODS
=======

Data Source
-----------

Established in 1996, the NHI has provided health care coverage for more than 99% of the 23.72 million population of Taiwan since 1998. The National Health Research Institutes (NHRI) is responsible to maintain the claims data and to establish data files for research. Patient identifications are scrambled before releasing the data to users in order to protect the privacy of insured people. We obtained a representative subset of Longitudinal Health Insurance Database 2000, consisting of claims data from 1996 to 2011 for one million randomly selected people. Information on demographics, dates of clinical visits, diagnostic codes, prescriptions, and treatment procedures including surgeries were available in the claims data. Diseases are coded using the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM). This study was exempted from full ethical review by the research ethical committee at China Medical University and Hospital (IRB permit number: CMUH-104-REC2-115). Patient records/information in the database was anonymized and deidentified prior to analysis.

Study Participants
------------------

We identified a cohort of patients newly diagnosed with asthma (ICD-9-CM code: 493) between January 1, 2000 and December 31, 2005. Subjects who had at least 1 hospitalization or at least 3 visits for outpatient medical services for asthma were eligible for inclusion in the asthma cohort. The date of the initial diagnosis was defined as the index date. Patients with a history of PAD (ICD-9-CM code: 443.81, 443.9, 440.2, 444.2, and 444.89), and aged under 20 years, or those with missing age or sex information were excluded. For each asthma case identified, 2 insured participants adhering to the same inclusion criteria were randomly selected into the comparison cohort. The subjects were frequency matched by age (within 5 years), sex, and index year to reduce the confounding effects of age and sex and to reduce measurement bias of follow-up.

Outcome and Relevant Variables
------------------------------

All study subjects were followed from the index date to the date when PAD was diagnosed, the date of withdrawal from the NHI program, or the end of 2011, whichever came first. PAD-related blockages in the arteries may reduce blood flow to the legs and lead to low blood pressures in the ankles. The leg pressure to arm pressure ratio (ankle blood pressure divided by arm blood pressure) is called ankle brachial index (ABI). Clinically, the patient was diagnosed with PAD if the ABI is ≤0.9.^[@R19],[@R20]^ The baseline comorbidities considered for adjustment in this study included hypertension (ICD-9-CM code 401-405), hyperlipidemia (ICD-9-CM code 272), diabetes (ICD-9-CM code 250), stroke (ICD-9-CM code 430-438), CAD (ICD-9-CM code 410-413, 414.01-414.05, 414.8, and 414.9), and chronic kidney disease (CKD) (ICD-9-CM code 585).

Statistical Analysis
--------------------

The distributions of demographic status and comorbidities between the asthma and comparison cohorts were compared and examined using the *χ*^2^ test. The mean ages were measured and examined using the Student *t* test. We calculated the incidence density rates of PAD for the 2 cohorts by sex, age, and comorbidity and used Poisson regression model to measure the asthma cohort to comparison cohort incidence rate ratio (IRR). With valid proportional hazard assumption (*P* value = 0.1072), multivariable Cox proportional-hazards regression model was used to calculate the adjusted hazard ratios (aHRs) and the 95% confidence intervals (CIs) of PAD associated with asthma. We used the Kaplan--Meier method to estimate the cumulative incidence rates of PAD in both cohorts and compared them with the log-rank test.

We also used the Cox model to estimate the aHRs of PAD associated with annual numbers of emergency visits and hospitalizations for asthma exacerbations, compared with the comparison cohort. In addition, we assessed the trend of PAD duration the follow-up period using time-dependent covariates (\<1, 1--3, 3--5, 5--7, and ≥7 years) as the sensitivity analysis.

The data management procedure and statistical analyses were performed using SAS 9.3 statistical package (SAS Institute, Cary, NC), with *P* value \<0.05 in 2-tailed tests considered significant. The Kaplan--Meier estimates and the log-rank test were performed using the R software (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
=======

We identified 28,158 asthma patients between 2000 and 2005 as the asthma cohort and 56,316 nonasthma subjects as the comparison cohort. In both cohorts, 53.7% were woman and 40.4% were aged between 20 and 49 years (Table [1](#T1){ref-type="table"}). The mean age of subjects in the asthma cohort was slightly higher than that in the comparison cohort \[54.7 (±17.7) vs. 54.4 (±17.8) years, *P* \< 0.01\]. Subjects in the asthma cohort tended to have higher prevalence rates of hypertension, hyperlipidemia, diabetes, stroke, and CAD than those in the comparison cohort. Figure [1](#F1){ref-type="fig"} shows that the cumulative PAD incidence was significantly higher in the asthma cohort than in the comparison cohort (log-rank test, *P* \< 0.001).

###### 

Comparisons in Demographic Characteristics and Comorbidities in Patients With and Without Asthma
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The incidence of PAD in the asthma cohort was 1.46 times higher than that in the comparison cohort (4.45 vs. 3.06 per 1000 person-years), with an aHR of 1.34 (95% CI = 1.24--1.45) (Table [2](#T2){ref-type="table"}). The sex-specific asthma cohort to comparison cohort aHRs of PAD were statistically significant for both women (aHR: 1.31, 95% CI = 1.17--1.47) and men (aHR: 1.38, 95% CI = 1.23--1.55). The age-specific incidence of PAD increased with age in both cohorts, the highest being in the elderly asthma patients (9.35 per 1000 person-years). However, the age-specific asthma cohort to comparison cohort aHR of PAD was the highest for those 20 to 49 years of age (1.47, 95% CI = 1.14--1.88). The corresponding aHR for the elderly was 1.28 (95% CI = 1.16--1.43). Subjects with comorbidity were at much higher risk of PAD than those without comorbidity. However, the asthma cohort to comparison cohort aHRs of PAD were 1.40 (95% CI = 1.14--1.71) for patients without comorbidity and 1.33 (95% CI = 1.22--1.46) for those with comorbidity. In the comorbidity-specific stratified analysis, similar patterns appeared in associations with hypertension, diabetes, and stroke.

###### 

Incidences and Hazard Ratios of Peripheral Artery Disease for Asthma Cohort Compared With Nonasthma Cohort by Sex, Age, and Comorbidity
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Table [3](#T3){ref-type="table"} shows the interaction between asthma and age. Compared with the youngest group aged 20 to 49 years, the aHR of PAD increased with age to 6.80 (95% CI = 5.55--8.34) for ≥65-year group. Compared with those without asthma and comorbidity, the aHR showed that asthma and comorbidity had joint effect in developing PAD with an aHR of 3.86 (95% CI = 3.37--4.42). The comorbidity-specific analysis showed that comorbidity with joint effect included hypertension (aHR: 2.92, 95% CI = 2.59--3.28), hyperlipidemia (aHR: 2.87, 95% CI = 2.56--3.22), diabetes (aHR: 3.21, 95% CI = 2.84--3.63), stroke (aHR: 2.34, 95% CI = 2.07--2.64), and CAD (aHR: 2.39, 95% CI = 2.10--2.72).

###### 

Adjusted Hazard Ratios of Peripheral Artery Disease Associated With Interaction Between Asthma and Age and Comorbidity
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Table [4](#T4){ref-type="table"} shows associations between PAD and annual number of emergency visits, hospitalizations, and summation of both for asthma exacerbations, compared with the comparison cohort. The aHRs increased to 14.1 (95% CI = 8.18--24.5) for asthma patients with ≥2 emergency visits, to 22.3 (95% CI = 15.6--31.9) for those with ≥2 hospitalizations, and to 28.2 (95% CI = 18.6--42.8) for those with ≥4 uses of emergency visit and hospitalization.

###### 

Hazard Ratios of Peripheral Artery Disease Associated With Annual Emergency Visits and Hospitalizations for Asthma
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The incidence of PAD in the asthma cohort during the follow-up period did not change much, while it increased gradually in the comparison cohort (Table [5](#T5){ref-type="table"}). The aHR of PAD for the asthma cohort relative to the comparison cohort declined from 1.42 (95% CI = 1.13--1.80) in the first year of follow-up to 1.24 (95% CI = 1.05--1.47) after 7 years of follow-up or longer.

###### 

Trend of Peripheral Artery Disease Risk by Follow-Up Years
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DISCUSSION
==========

The present longitudinal population-based study shows that patients with asthma exhibit a 1.34-fold greater risk of PAD development, compared with the general population, after controlling for sex, age, and comorbidities. Our findings are compatible to the well-known concept that the risk of PAD is higher in men, older patients, and those with diabetes, hyperlipidemia, and cardiovascular and cerebrovascular comorbidities, and this was observed in both cohorts. Moreover, the aHRs of PAD for the asthma group compared with the comparison group remained consistent and significant in all sex and age subgroups. Furthermore, the variable-specific aHRs were higher in men than in women (1.38 and 1.31), in younger than in older patients (1.47, 1.32, and 1.28), and in those without any comorbidity than those with any comorbidity (1.40 and 1.33). In addition, the aHRs of PAD for the asthma cohort compared with the comparison cohort were consistent and significant during the whole follow-up period (aHR = 1.24--1.44).

It is important to note that asthma patients without the comorbidities had higher HRs for PAD than asthma patients with comorbidities. This phenomenon reflects that asthma alone is associated with the PAD risk without comorbidity and comorbidity modifies the relationship. The incidence rates of PAD were 1.09 per 1000 person-years in nonasthmatics and 1.25 per 1000 person-years in asthmatics without comorbidity. The incidence of PAD elevated sharply to 5.95 per 1000 person-years in nonasthmatics and 7.36 per 1000 person-years in asthmatics with comorbidities. The absolute risk is in fact increased further for asthma patients than for nonasthma subjects due to the comorbidity.

Another important finding in this study is that asthma patients with a higher number of emergency visits or hospitalizations for their exacerbation have an extremely increased risk for developing PAD. Previous study has shown that viral and bacterial infections could contribute to atherosclerosis due to direct infecting on vascular cells, or indirect effects of cytokines. It is also possible that the infection at nonvascular sites may induce acute phase proteins and develop atherosclerosis.^[@R21]^ It is well known that asthma exacerbations are often precipitated by infections.^[@R22]^ In addition, asthma attacks and oxidative stress may decrease peripheral blood erythrocyte superoxide dismutase activity and contribute to the consequence of cardiovascular diseases.^[@R23],[@R24]^ Our study showed a dose--response relationship between the number of asthma exacerbations and the development of PAD. This finding suggests that poor asthma control is the key factor associating with the PAD development.

Several studies have evaluated the relationship between asthma and atherosclerosis. The results from Bruneck and ARMY studies show that patients with allergic disorders, such as allergic rhinitis and asthma, are at increased risks of high intima-media thickness in young men and of atherosclerosis in the older participants.^[@R10]^ Onufrak et al^[@R12]^ found that women with the asthma onset in their older ages could experience a 2-fold increased incident CAD and stroke, after controlling for smoking, obesity, and physical activity. In another prospective study, the results show 1.40-fold, 1.20-fold, and 2.14-fold elevated hazards of cerebrovascular disease, coronary heart disease, and heart failure, respectively, for adults with asthma.^[@R13]^ In a recent retrospective cohort study, Chung et al^[@R14]^ found in Taiwan that patients with asthma were at a 1.66-fold greater hazard to develop an acute coronary syndrome than those without the asthma history (*P* \< 0.001). Ferrari et al^[@R15]^ found patients with asthma are at higher risk of intermittent claudication, but not reach statistical significance. In the present study, we provide a relative "real world" scenario wherein the diagnosis of asthma and PAD are due to actual medical consultations.

Mechanisms of association between asthma and PAD remain largely uncertain. It is possible that the chronic airway inflammation can contribute to a systemic inflammatory response, leading to atherosclerosis.^[@R25],[@R26]^ In a cross sectional study, Vijayakumar et al^[@R27]^ reported that patients with bronchial asthma are twice as likely to develop arterial inflammation than control subjects with low Framingham risk scores without asthma. Asthma may activate the expression of bronchoalveolar coagulation, and further impair the procoagulant activities and attenuate fibrinolysis. The activities of the anticoagulant protein C system and fibrinolysis are impaired in the bronchoalveolar space.^[@R28]^ Moreover, genetic factors, shared comorbidities, environmental exposures, frequent infections, inadequate lifestyles, and physical inactivity may also contribute to the occurrence of PAD for patients with asthma.^[@R29]^

The strength of this study is using population data to perform a longitudinal evaluation for the risk of developing PAD in asthma patients. It is generally very expensive to conduct a population-based prospective cohort study. This retrospective cohort study using claims data meets the requirements of longitudinal follow-up avoiding serious loss to follow-up and is economical.^[@R30]^ However, there are several limitations to be considered when interpreting the present findings. First, this study used the ICD-9-CM algorithm to define asthma, PAD, and comorbidities. The accuracy of diagnoses depends on the physician-perceived evidences in the clinical practices. However, the insurance authority has established an ad hoc committee established to randomly review the claims data to prevent errors and violations. To increase the validity and accuracy of diagnosis, we also included only patients with repeated clinic visits to prevent coding errors. Second, NHIRD does not provide detailed information on smoking habits, occupation, body mass index, diet, environmental exposure, and family history, although these are potential confounding factors. Among these factors, smoking is of a greater concern in both asthma and PAD risks. However, a large population survey in Taiwan has found a lower smoking rate in asthmatic patients than in nonasthma subjects (13.1 vs. 24.0%).^[@R31],[@R32]^ Less than 5% of women in Taiwan were smokers. Smoking is likely playing no important role in the relationship between asthma and the PAD risk, as the HRs of PAD for asthmatic men and asthmatic women were alike. We are not clear whether occupation, body mass index, diet, environmental exposure, and family history play any role in the relationship between asthma and the PAD risk. In, relevant clinical variables, such as pulmonary function tests, ankle-brachial index, addition serum laboratory data, or imaging results were unavailable. These factors can be used to differentiate severity of asthma and PAD. We used numbers of emergency visits and hospitalizations to represent the severity of asthma and found severe cases were at much greater hazards for PAD. Last, the lack of drug-treatment information such as those on hormone-replacement therapy, and the use of contraceptives, anticoagulants, and antiplatelet drugs may have influenced the outcomes of this study.

CONCLUSION
==========

Although smoking is a potential confounding factor, this nationwide study based on 28,158 asthmatic patients with a follow-up time of 228,508 person-years indicates that, compared with the comparison cohort, asthmatic patients exhibit a 34% increase in the risk of developing PAD. Moreover, we observed a dose--response relationship between the annual number of asthma exacerbations and the risk of PAD development. Thus, a multidisciplinary team should guide the assessment, treatment, and holistic care for asthmatic patients.
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